Short-wave diathermy is generally regarded as a powerful therapeutic agent. However, an extensive search of the literature has not revealed any report of controlled clinical investigation into its efficacy. In fact, the reputation of short-wave seems to derive from its known ability to produce deep heating and the impression of experienced workers with this agent. That heat is beneficial in certain pathological conditions is beyond dispute and the distribution of such heat in tissues exposed to a short-wave field has been shown in numerous experiments in vitro and in vivo.
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Short-wave diathermy is generally regarded as a powerful therapeutic agent. However, an extensive search of the literature has not revealed any report of controlled clinical investigation into its efficacy. In fact, the reputation of short-wave seems to derive from its known ability to produce deep heating and the impression of experienced workers with this agent. That heat is beneficial in certain pathological conditions is beyond dispute and the distribution of such heat in tissues exposed to a short-wave field has been shown in numerous experiments in vitro and in vivo.
The use of short-wave as a control (or as a comparison) for other methods of treatment is helpful, but it limits the estimation of the effectiveness of those methods to an arbitrary standard. Indeed, unless it is assumed that the methods to be compared achieve their therapeutic results by the same mechanism, direct comparisons are of little value. For this reason the title of this discussion is not meant to imply a comparison between shortwave diathermy and ultrasonic therapy. Neither has been the subject of a controlled investigation and the latter probably has a use in therapeutics apart from that as a source of heat.
Production.-Short-wave diathermy is the name given to therapeutic heating by high-frequency currents oscillating at between 10-100 megacycles per second. Such currents are produced by an oscillator circuit of the required frequency, the energy losses being made good, in modern machines, with the aid of thermionic valves. The energy can be transferred to a patient either by means of condenser electrodes or by induction cable. In either case the oscillator circuit is coupled to another circuit of the same constants, of which the patient or the induction cable is an integral part. EFFECTS (a) Heating.-The main effect of short-wave diathermy is heating in depth. The physiological results of this heating include hypernmia, hyperlymphia and hypersecretion (Kovacs, 1949) . This statement requires qualification because there have been recorded instances of vasoconstriction occurring following short-wave therapy (Kottke et al., 1949, and Flax et al., 1949) . Further, the vasodilation produced by short-wave is not maximal since a further increase can be produced in patients by the subsequent administration of tetra-ethyl ammonium salts (Bierman et al., 1950). (b) Effects on central nervous system.-Claims have been made that short-wave diathermy exerts a sedative effect on irritative conditions of sensory nerves (Audiat, 1932) . Krusen and Brunner (1940) stated that the chronaxie of muscle was increased during exposure to short-wave diathermy. However, Hill and Taylor (1937) , after an extensive trial, were unable to demonstrate any change which could not be attributed to the heating effect.
(c) Effects on bacteria.-Heat produced by either ultra-high-frequency energy (or any other method) can destroy all bacteria provided it exceeds the critical temperature of the particular bacteria. Nyrop (1946) claimed that "athermic" diathermy destroyed certain organisms. In his experiments he used a pulsed field to minimize heating, thus allowing time for the dissipation of heat. However, attempts to repeat these experiments have been unsuccessful. Modern medicine relies on the use of the antibiotics in the tissues; the bacteriocidal effect of short-wave being of historical interest only.
(d)Effects on the blood.-Liebesny (1938) demonstrated that pearl chains were formed in fat emulsions and in blood when sulbjected to a high-frequency field. He made no comments as to the therapeutic advantage of this fact. It seems, therefore, that this effect also must be of academic interest only.
It may be concluded that the therapeutic effects of short-wave diathermy are due to deep heating and that it has no specific effect in these circumstances.
MEASUREMENT
Until recently there has been difficulty in measuring the power input of high-frequency energy into a patient. This difficulty has been largely overcome by the development, at St. Thomas's Hospital, of a self-tuning short-wave generator with a wattmeter. By means of such an apparatus the power absorbed by a patient can now be measured in watts. If the physical properties of all patients and their reaction to treatment were identical, it should now be possible to obtain accurate dosimetry with this therapy. The load absorption with short-wave diathermy is to some extent controlled by variable MAY-PHYS. MED. 1 factors obtaining in the condenser, of which the patient forms a part. In the case of ultrasonics, the transducer head is placed on the skin and the energy transferred to the patient is directly proportional to the output of the machine, irrespective of the patient's reactance. With short-wave, however, this is not always possible, as the losses which occur in the patient's condenser are variable. These losses vary with power output, spacing, the physical properties of objects in the field and their position.
It remains to be proven whether measurement of dosage in short-wave therapy will be of practical value. A generator has been produced which measures the power input accurately and delivers a constant power, but the variables in the tissues and in the application may well prove to be too great for accurate dosimetry to be achieved. APPLICATION The application of short-wave diathermy to human tissues appears at first sight to be a simple matter, but in fact this is not correct. The correct application of short-wave energy is the very basis of successful treatment. There are three requirements for successful treatment:
First: The pathology must be correctly diagnosed. Second: It must be decided whether or not the application of deep heat will be advantageous, and, if so, what structures are to be heated.
Third: Short-wave diathermy must be applied by those who have a knowledge not only of highfrequency currents and electric fields, but also the capabilities of the generator they employ.
The need for accurate diagnosis and competent operators is obvious. When considering the structures to be heated their physical properties and spacial distribution must be remembered. If condenser electrodes are used, fat is heated more than muscle, due to the relation between the power factor, dielectric constant and the square of the field strength in these tissues (Scott, 1952) .
If inductothermy is used, the heating depends mainly upon eddy currents. As these flow more readily in muscle owing to its high fluid content, muscle obtains the greatest heating. There is, in addition, some heating due to the dipolar effect as with condenser electrodes. A whose output has fallen is virtually useless. It is advantageous, therefore, to test apparatus by phantom loads from time to time. For instance, a generator may be tested and found to have a low output; subsequent enquiry may lead to / _ =>_F\ the discovery of defects in the valve or in the coupling; I remember on one occasion testing an apparatus in regular use, which was, I am told, efficient in use, which had a maximum output of only 9-0 watts. This was due to the coupling being too tight. Rectification of this fault resulted in a normal output. s_!_ ) s (c) Position of electrodes.-One of the better methods of deciding the position of the electrodes is to visualize the shape of the field and adjust the electrodes accordingly. In this way it is easier to concentrate the heating in the desired situation. Fig. 1 shows by simplified field diagrams the type of fields which can be expected from various positions of the electrodes, the density of the field being related to the heating pattern. The insertion of a conductive body in the field will probably cause an indrawing of the field (Scott, 1953) .
Distortion of the field can also occur when an object is close to the electrodes or lines. An obvious cause of energy loss, which is sometimes forgotten, is the presence of the operator too close to the patient's circuit.
When applying the inductothermy cable it should be wound to obtain maximum inductance and thus the maximum formation of eddy currents. Should it be necessary to have two coils these can be arranged so that they are "series aiding" and not "series opposing" (see Fig. 2 ). The power input into phantoms when the cable is wound as in B is approximately 60% more approximately 70% better than in C. B is wouno "series aclung'. C is wound -,series opposing'.
(d) Spacing of electrodes.-The spacing of the electrodes is a major factor controlling the input into the patient. Deep spacing alone does not produce deep heating. An increase of the spacing does two things:
First: It decreases the flux density of the field at all points. This decreases the field strength both in the skin and also in the deep tissues. Such a decrease is not constant, it is greater in the skin than at the centre, i.e. a more uniform field is produced. It follows that the ratio of the field strength in the centre to that in the skin is much greater with close spacing. Thus deep spacing only causes relatively more heat in the deep structures. spacing. It indicates the decrement in the field strength from without inwards and that increased spacing leads to a more uniform field.
Second: An increase of the spacing decreases the power input into the patient. This decrement is very rapid. When the spacing is increased the power input into the patient falls, but a more uniform field is produced. Power can then be increased until the original intensity of skin heating is reached. This can only be achieved if the generator is sufficiently powerful to compensate for the increased absorption of the patient and the increased losses which occur at the same time. The available output of the generator may not compensate for the increase of load. Fig. 4 shows the relation of spacing and output to power absorption in a phantom. Note that with the output constant the input depends upon the spacing and also that as the spacing is increased and It follows that a decrease in the heating of deeper structures can occur with an increase of spacing. Suppose for example 3/4 with close spacing the skin receives 8 units of heat and the centre 1 unit (a ratio of 8: 1). With an increase of spacing this ratio may fall to 6 :1, a relative increase in deep heat, but as a result of the fall in power reaching the patient, the skin will only be receiving about 3 units. The centre will then receive E unit which is less than before.
/ 12" Thus the output of the generator may have to be trebled in order that the centre may receive more heat than with the original spacing. This would mean at a ratio of 6: 1 (9 units in the skin and 1 in the centre). The generator output has 20 21I 22 been raised to 300% to increase deep heating by only 50 % in this example. tage. For example, an input of 20 watts is obtained with 1 in. spacing with a filament voltage of 18 -25 volts. If the spacing is to be increased to 1 in. the filament voltage has to be increased to 20i75 volts to maintain a 20 watt input. This means that the output of the generator has been trebled. If, however, the spacing is increased to 1I in. then a 20 watt input cannot be obtained. Although it is possible to produce increased heating in the centre with increase of spacing, a balance must be struck between the ratio of the field strength in the tissues on the one hand, and the power input into the load on the other. Most of the present-day machines will not allow spacing greater than I in. without considerable weakening of the field. Clearly the spacing must not be deeper than can be compensated by increased output from the generator.
UJSES IN TREATMENT
Over 200 separate conditions or disease groups have been treated in the past with varying degrees of success.
Short-wave therapy is reported to have many indications and contra-indications. If we consider these reports in connexion with bone pathology it is probable that if conditions in the tissues or blood predispose to osteoporosis, short-wave is contra-indicated, but if the reverse, then short-wave will assist osteogenesis.
When deep heat will assist the physiological response to bring about a reversal of the pathological change, short-wave is indicated. If this is not so, or if the pathological process will be accelerated by deep heat, then short-wave is contra-indicated.
UJSES IN DIAGNOSIS
Claims have been made by Shliephake (1950) that short-wave can assist in diagnosis. He reports that a significant increase in the white cell count after five minutes' short-wave applied to the appendix area indicates the presence of chronic appendicitis. He claims similar effects in latent cases of endocarditis and myocarditis (he accepts an increase of 2,000 or more cells per cubic millimetre as significant). The same author states that it is possible to differentiate between pituitary and pancreatic diabetes mellitus by a similar method using estimation of the blood sugar instead of blood counts. These reports have not been supported by controlled figures. More work is therefore required to establish whether or not short-wave diathermy is a useful method in electrodiagnosis.
SUMMARY
The production and effects of short-wave diathermy are outlined and briefly discussed. The technique of application is indicated and some of the difficulties and pitfalls demonstrated. The importance is shown of the correlation between the output of the generator and the correct positioning and spacing of the electrodes, in order to ensure adequate treatment. Comment is made on the uses in treatment and diagnosis and the basic indication for short-wave therapy is suggested.
crystal, or a plate of barium titanate stressed by a direct current. The principle is the converse of the piezo-electric effect. If an alternating electrical potential of the required frequency is applied across the crystal or oxide plate, it will vibrate at that frequency if it is of suitable thickness; the electrical energy being thus converted into mechanical energy. The crystal is closely applied to a metal plate and enclosed to form the watertight applicator or treatment-head of the apparatus. Application.-UJltrasonic energy is partly reflected from any interface between the media in its path. Almost total reflection occurs at the interface between the treatment head and the surrounding air; it is therefore necessary to interpose a contact medium between the applicator and the body tissues during treatment. Liquid paraffin, glycerin or light ointment is used for large tissue areas and a water bath or oiled water-bag is used for irregular areas such as the hand, where direct contact with the applicator would be difficult. MEASUREMENT
The output of the apparatus indicates the intensity received by the tissues, since the loss of energy between the transducer and the patient's skin is negligible. A meter in the electrical oscillator circuit may therefore be calibrated to indicate the intensities used in treatment. A separate pressure meter may also be used to measure the actual energy output from the transducer, but this probably has little advantage over the previous type. Intensity is measured in watts/sq.cm. Energy passes into the tissues as a beam, but it must be realized that the maximal intensity is in the centre of this beam. Energy is dissipated as heat throughout the path of the beam. The body tissues are not homogeneous, so that partial reflection takes place at the interfaces between the tissue planes and further absorption of energy occurs in these areas. Pohlman (1948) has calculated that half the intensity is lost at a depth of about 3 5 cm. in living tissues. The meter therefore gives an indication of intensity applied to the surface, but no indication of the intensity in depth. Thus, although accurate measurement is easily possible, accurate dosimetry with regard to deep tissues is not. As in the case of short-wave diathermy, measurement of intensity can be used only as a standard of comparison. The range of intensities usually used in treatment lies between 0.5 and 3 watts/sq. cm'. If the applicator is stationary upon the tissues, heating is maximal and only low intensities are tolerated by the patient; in this case also, standing waves may be set up, which will alter the mechanical effect upon the tissues. For these reasons the transducer is usually moved slowly over the part under treatment. If the intensity is steadily increased, a point is reached where the patient feels pain due to deep heating. Heating is especially marked at tissue interfaces such as the periosteum of underlying bone. The subjective pain experienced by the patient limits the intensity which can be used in practice, as thermal sensationL limits the use of short-wave diathermy.
EFFECTS
The effects of ultrasonics upon tissues have been extensively studied in isolated preparations and in the living organism. These are thermal, mechanical, chemical.
Thermal effects are similar to those of other physical agents; but they differ in that with ultrasonics the heating which occurs in muscle is twice that in fat and localized intense heating takes place at tissue interfaces. It has been postulated that this localized heating is due to distortion of the waveform which occurs on reflection in the same way as light is partially polarized on reflection from a mirror.
It is possible to produce gross damaging effects upon tissue in the living organism by the use of high intensities of ultrasonic energy (Anderson et al., 1951; Fry and Wulff, 1950; Council, &c., 1952) . Pathological changes produced are typical of burning, with splitting of tissues by the mechanical effect. Overheating of tissues is avoided during treatment by moving the applicator slowly over the part and limiting the intensity used so that no pain is experienced by the patient. With the moving treatment head, the rise of temperature within the tissues is seldom greater than 3°C.; for this reason thermal effects are thought to be of less importance in ultrasonic therapy than in other forms of physical treatment.
Mechanical effects.-The wavelength of the ultrasonic beam in the tissues at 800 kc./sec. is about 2 mm. Particles in the beam are moved back and forth over very small distances at an acceleration 100,000 times that of gravity. Considerable forces are applied, so that, at an intensity of 5 watts/sq. cm. the pressure difference between the zones of pressure and rarefaction is about 8 kg./sq. cm. or 117 lb./sq. in. These forces are acting across 1 mm. of tissue (Schliephake, 1950) . Total disruption of small organisms such as paramecium can be observed in water through which an ultrasonic beam is passed (Bosco, 1949) . Muscle fibre preparations show splitting of the fibres, probably due to the phenomenon of cavitation in which gas bubbles appear instantaneously in the zones of pressure reduction (Garay and Gerendas, 1949) . These destructive phenomena do not occur at therapeutic intensities and would represent gross overdosage by therapeutic standards.
During exposure there is a stirring effect within the cells causing an increase in the gradient of ion concentration near the membranes and these are set in rapid oscillation producing an acceleration of fluid exchange with an apparent increase in permeability of all cell membranes (Schwan and Carstensen, 1952) . This promotes local tissue metabolism which is further increased by the thermal effect. The mechanical effect is said to account for the different therapeutic results claimed for ultrasonics when compared to those of purely thermal agents. It probably accounts for the softening of areas of fibrosis and scar tissue which is seen clinically and also for an increased rate of absorption of tissue exudates and effusions of blood.
Chemical effects.-Ultrasonic energy has been shown to be capable of splitting long-chain molecules; thus sucrose may be split into monosaccharides (Bosco, 1949) . It is also able to increase the speed of oxidation and it is possible that this occurs at therapeutic intensities.
Other specific effects claimed for ultrasonics include the disruption of protein with effects similar to those of other non-specific protein shock therapy and the possibility of driving drugs into the tissues as in iontophoresis. It has many non-medical applications in the promotion of physical and chemical changes from the mixing of paint to the maturing of whisky.
DANGERS
It is obvious that precaution must be taken in the therapeutic use of this potentially destructive agent. The treatment of many thousands of cases on the Continent and in America has, however, proved that its use is safe in the hands of a competent operator. The dangers are probably no more important than those incurred in the use of short-wave diathermy.
The first criterion of safe treatment is that it should be painless, so denervated tissues should be treated with caution. Tumour tissue of certain types can be destroyed by ultrasonic energy, but it may cause rapid metastasis, so it was decided at the International Congress on UJltrasonics held in Rome in 1950 that tumours should not be exposed to ultrasonics except experimentally for purposes of research. Acute infections should be treated cautiously, for spread of infection may occur; on the other hand, many workers have reported the successful treatment of boils and carbuncles. Certain special tissues have also been found to be subject to damage. The brain, the eye, ovaries and testes, the gravid uterus, epiphyses of growing bones and the cervical ganglia in cases of myocardial damage, comprise the usual list. Here again, the dangers are probably relative. Many of these tissues have been treated by experienced workers without damage, although in some cases special techniques were employed; thus thousands of children have been treated without damage to bone growth. Pulsed energy has been used on the brains of experimental animals with no destructive effects and the cornea has been treated for opacities without causing separation of the retina. These cases were treated on two generators of different types. Treatments were given by a small group of physiotherapists who were carefully instructed in the technique. Intensities used varied between 0 5 and 3 watts/sq. cm. and were given for periods up to fifteen minutes at each attendance. The moving treatment head was used whenever this was possible. Contact with the tissues was obtained by the use of liquid paraffin or a water bath. Local treatments only were used. No attempt was made to influence the local condition by treating the area of the spinal segment or autonomic ganglia related to the part in which the lesion was situated; it was considered that if local effects could only be produced in that way then the injection of nerve roots or ganglia with local anesthetic would prove as efficient as ultrasonic therapy.
The results are taken from the ordinary departmental case notes. Wherever possible objective signs have been assessed. Table I indicates the critical assessment of the results obtained in 104 cases out of the 120 case notes considered. These cases were selected as giving reasonable grounds for comparison with similar cases treated by conventional physical methods. Cases were considered to be "significantly improved" only when the results of treatment appeared to indicate a definite advantage in the use of ult-rasonic therapy over the control series. Many of the cases treated by ultrasonics showed improvement directly comparable to that of the control series, but for the sake of simplicity no indication of these cases has been given. 
